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(57) ABSTRACT 

Athin ?lm semiconductor device includes a glass supporting 
body having thereon an insulating substrate Which is 
attached thereto by a layer of adhesive material. On the 
surface of the substrate facing the supporting body is a layer 
of semiconductor material Which includes therein a semi 
conductor element, such surface further having thereon a 
metaliZation pattern of conductor tracks. An insulating layer 
is additionally provided betWeen the metaliZation pattern 
and the adhesive layer, and has a dielectric constant 6, below 

(58) Field Of Search ................................... .. 257/347, 752, 3 and a thickness in the range of approximately 20 mm to 60 
257/751, 763_765, 7559760, 348, 349, pm. By virtue of such additional layer, parasitic capacitanees 

351’ 353’ 355 betWeen the metaliZation pattern and an envelope in Which 
the device is included or a printed circuit board on Which the 

(56) References Cited device is mounted are reduced substantially, thereby reduc 
ing the poWer consumption of the device. 
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SEMICONDUCTOR DEVICE COMPRISING A 
GLASS SUPPORTING BODY ONTO WHICH 
A SUBSTRATE WITH SEMICONDUCTOR 
ELEMENTS AND A METALIZATION IS 

ATTACHED BY MEANS OF AN ADHESIVE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a semiconductor device compris 

ing a glass supporting body onto Which an insulating sub 
strate is attached by means of a layer of an adhesive, said 
insulating substrate being provided, on its ?rst side facing 
the supporting body, With a surface on Which a semicon 
ductor element is formed in a layer of a semiconductor 
material and on Which a metaliZation With a pattern of 
conductor tracks is provided. 

The semiconductor element may be a single diode or 
transistor, but it may alternatively be an integrated circuit 
comprising a large number of transistors. The metaliZation 
may include conductor tracks Which interconnect semicon 
ductor elements, but it may alternatively include conductor 
tracks Which are provided With connection electrodes 
(bonding pads) enabling external contact of the semicon 
ductor device. The metaliZation may also comprise passive 
elements, such as capacitors, resistors and coils. 

2. Description of the Related Art 
The described semiconductor device is particularly suited 

for processing signals of very high frequencies. If integrated 
circuits are formed, as customary, on an approximately 500 
pm thick slice of a semiconductor material, only an approxi 
mately 1 to 3 pm thick top layer of this slice is used for 
forming said integrated circuits. The semiconductor material 
situated beloW this thin top layer, i.e. the semiconductor 
substrate, adversely affects the high-frequency behavior of 
these circuits, inter alia by the formation of parasitic capaci 
tances betWeen semiconductor elements and this semicon 
ductor substrate. In addition, it is impossible to form high 
quality coils on a semiconductor substrate of such thickness, 
because, during operation, substantial eddy currents are 
generated in the thick semiconductor substrate situated 
under the coils. Since, in the semiconductor device men 
tioned in the opening paragraph, the layer of semiconductor 
material, having a thickness, for example of 1 to 3 pm, is 
very thin, said undesirable in?uences are substantially coun 
teracted. 

In practice, the semiconductor device can be mounted 
With the glass supporting body in a customary envelope or 
even on a customary printed circuit board. In an envelope as 
Well as on such a printed circuit board, there is a metaliZation 
With conductor tracks for contacting the semiconductor 
device. The printed circuit board is also provided With a 
metaliZation having conductor tracks to connect the semi 
conductor device to other semiconductor devices and to 
passive elements, such as resistors and capacitors. The glass 
supporting body is sandWiched betWeen the metaliZation of 
the semiconductor device and said other metaliZation, so 
that parasitic capacitances betWeen these metaliZations are 
small. 
As indicated hereinabove, the parasitic capacitances in the 

semiconductor device are very small. As a result, the para 
sitic currents ?oWing during processing of high-frequency 
signals are very small. By virtue thereof, the poWer con 
sumption of the semiconductor device is small, Which is 
particularly advantageous for application in mobile 
telephony, Where signals With a frequency of approximately 
2 GHZ must be processed and the poWer must be supplied by 
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2 
batteries. The poWer consumption may be a factor of 50 
smaller than that of a customary integrated circuit, Which is 
formed on an ordinary, relatively thick slice of semiconduc 
tor material. 
US. Pat. No. 5,646,432 discloses a semiconductor device 

of the type mentioned in the opening paragraph, in Which the 
semiconductor element and the metaliZation are covered 
With an approximately 2 pm thick passivating layer of 
silicon nitride, and a less than 2 pm thick planariZing layer 
is provided betWeen this passivating layer and the layer of 
adhesive. The layer of adhesive has a thickness of 10 to 20 
pm. 

Although parasitic capacitances, Which are formed 
betWeen the metaliZation of the semiconductor device and 
the metaliZation on a printed circuit board on Which the 
semiconductor device is mounted, are small already, it is 
desirable to minimize these as much as possible in connec 
tion With the poWer consumption. If the glass supporting 
body has a dielectric constant e, of approximately 6.5 and a 
thickness of 400 pm, then the capacitance betWeen a con 
ductor track having a Width of 1 pm and the metaliZation on 
the printed circuit board is approximately 26.10“18 F per pm 
of length of the conductor track. This capacitance can be 
reduced by employing a supporting body having an e, Which 
is loWer than that of glass. HoWever, this is not a practical 
solution because such materials, for example quartZ, are 
very expensive. Also the use of a thicker supporting body is 
impractical because, for example, doubling the thickness to 
800 pm only results in a reduction of said capacitance by 
approximately 10%. Not only is the increase in thickness of 
little avail, it also results in a semiconductor device Whose 
thickness is too large and impractical. A practical thickness 
for the glass supporting body is approximately 400 pm. In 
this case, the overall thickness, i.e. including the layer of 
adhesive and the insulating substrate, is comparable to that 
of customary semiconductor slices, so that, for example, to 
envelope the semiconductor device use can be made of 
equipment Which is customarily employed for enveloping 
semiconductor slices. 

SUMMARY OF THE INVENTION 

It is an object of the invention to further reduce the poWer 
consumption of the above-described device, Without the 
necessity of employing a glass supporting body of imprac 
tical thickness or a supporting body of an impractical 
material. To achieve this, the device mentioned in the 
opening paragraph is characteriZed, in accordance With the 
invention, in that an insulating layer having a dielectric 
constant er beloW 3 is provided betWeen the metaliZation 
formed on the substrate and the layer of adhesive. The 
invention is based on the realiZation that the siZe of said 
parasitic capacitances is predominantly determined by the 
dielectric constant of the dielectric Which is closest to the 
conductors, and that the use of an only relatively thin layer 
of a material having a relatively loW 6, between the metal 
iZation of the semiconductor device and the glass supporting 
body results in a relatively large reduction of said parasitic 
capacitances. The measure in accordance With the invention 
enables the capacitances betWeen the metaliZation of the 
semiconductor device and the metaliZation on a printed 
circuit board on Which the semiconductor device is mounted 
to be reduced substantially. By using a layer having an e, of 
2.5 and a thickness of approximately 25 pm, for example, 
the capacitance, as in the above-mentioned example, 
betWeen an 1 pm Wide conductor track and the metaliZation 
on the printed circuit board is reduced by 40% When use is 
made of a 400 pm thick glass supporting body With an e, of 
6.5. The poWer consumption is reduced by practically the 
same amount. 
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Preferably, the insulating layer having a dielectric con 
stant er below 3 is also provided betWeen the conductor 
tracks of the metaliZation. In the knoWn, described semi 
conductor device, an approximately 2 pm thick passivating 
layer of silicon nitride is provided betWeen the metaliZation 
and the layer of an adhesive. Such a layer has a relatively 
large er of approximately 7.5. As a result, the parasitic 
capacitances betWeen the conductor tracks of the metaliZa 
tion are relatively large. These parasitic capacitances are 
substantially reduced by also providing the insulating layer 
betWeen the conductor tracks. 

Preferably, the insulating layer is a layer of parylene or 
benZocyclobutene. Such a dielectric has a dielectric constant 
e, of approximately 2.5 .Asemiconductor device Which can 
be readily manufactured is characteriZed in that both the 
insulating layer having a dielectric constant 6, below 3 and 
the layer of an adhesive are layers of benZocyclobutene. 
Preferably, the layer of parylene or benZocyclobutene is 
applied in a thickness ranging from 25 to 60 pm. This results 
in a reduction of the parasitic capacitances betWeen the 
metaliZation of the semiconductor device and the metaliZa 
tion on the printed circuit board by more than 40%, While the 
above-mentioned thickness of 500 pm is not exceeded. 

These and other aspects of the invention Will be apparent 
from and elucidated With reference to the embodiments 
described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings: 
FIG. 1 is a schematic, cross-sectional vieW of a ?rst 

embodiment of a semiconductor device in accordance With 
the invention, 

FIGS. 2 through 5 are schematic, cross-sectional vieWs of 
a feW stages in the manufacture of the semiconductor device 
shoWn in FIG. 1. 

FIG. 6 is a schematic, cross-sectional vieW of a second 
embodiment of a semiconductor device in accordance With 
the invention, and 

FIG. 7 is a schematic, cross-sectional vieW of a third 
embodiment of a semiconductor device in accordance With 
the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a schematic, cross-sectional vieW of a semicon 
ductor device comprising a glass supporting body 1 onto 
Which an insulating substrate 3 is attached by means of a 
layer of an adhesive 2, Which insulating substrate is provided 
on its ?rst side 4 facing the supporting body With a surface 
5 on Which, in a layer of a semiconductor material 6, a 
semiconductor element 7 is formed, and on Which surface a 
metaliZation 8 With a pattern of conductors 9 is applied, 
Which is provided With contact electrodes 10 (bonding 
pads). These contact electrodes serve to make external 
contact from the second side 11 of the insulating substrate 3 
facing aWay from the supporting body 1, for example by 
means of a Wire 12 Which is secured to the electrode 10 by 
means of a customary bonding technique. The contact 
electrodes 10 are provided on the ?rst side 4 of the substrate 
3, Which, at the location of the contact electrodes 10, is 
provided With WindoWs 13 alloWing contact to be made from 
the second side 11. 

In this example, a single semiconductor element 7, in this 
case a bipolar transistor, is shoWn. In practice, hoWever, such 
a semiconductor device may also comprise a large number 
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4 
of such elements. In the ?rst case, the semiconductor device 
is referred to as a discrete semiconductor device, and in the 
second case it is referred to as an integrated semiconductor 
device. Instead of the bipolar transistor 5 shoWn, the semi 
conductor element used may be, for example, a ?eld-effect 
transistor. In addition to these active elements, the semicon 
ductor device may comprise passive elements, such as coils, 
capacitors and light guides. 
An insulating layer 14 having a dielectric constant 6, 

below 3 is provided betWeen the metaliZation 8 formed on 
the insulating substrate 3 and the layer of an adhesive 2. By 
virtue of this measure, parasitic capacitances betWeen the 
metaliZation of the semiconductor device and the metaliZa 
tion in an envelope in Which the semiconductor device is 
accommodated, or the metaliZation on a printed circuit 
board on Which the semiconductor device is mounted, can be 
reduced substantially. The use of a layer having an er of 2.5 
and a thickness of approximately 25 pm enables, for 
example, this capacitance betWeen an 1 pm Wide conductor 
track and the metaliZation on the printed circuit board to be 
reduced by 40% When use is made of a 400 pm thick glass 
supporting body. Without the insulating layer 14, the siZe of 
this capacitance is 26.10“18 F per pm of length of the 
conductor track; When a 20 pm thick insulating layer is used, 
the capacitance is 16210“18 F per pm of length, and a 50 
pm thick insulating layer results in a capacitance of 14.410 
18 F per pm of length, Which means a reduction by, 
respectively, 38% and 45%. The use of the layer With the loW 
yr causes the poWer consumption of the semiconductor 
device to be reduced by practically the same amounts. 

FIGS. 2 through 5 are schematic, cross-sectional vieWs of 
a feW stages in the manufacture of the semiconductor device 
shoWn in FIG. 1. 

For the starting material use is made of a slice of silicon 
16 shoWn in FIG. 2. This slice of silicon is provided, on the 
?rst side 4, With an insulating layer 3 of silicon oxide having 
a thickness of approximately 0.4 pm , and With an approxi 
mately 1 pm thick layer of silicon 17 Which is relatively 
lightly doped With approximately 1016 phosphor atoms per 
cc. Such a slice can be made, for example, by means of 
customary slice-interconnection techniques. In such 
techniques, a ?rst slice of silicon, Which is provided With a 
top layer of silicon oxide, is connected With this top layer to 
a second slice of silicon, Whereafter silicon is removed from 
the ?rst slice until only said thin layer of silicon remains on 
the oxide layer. The slice 16 can also be obtained by forming 
the silicon oxide layer 3 at a depth of approximately 0.3 pm 
by means of implantation of oxygen ions and epitaxially 
groWing the silicon layer situated above the silicon oxide 
layer 3 until the approximately 1 pm thick layer 17 is 
obtained, Which layer is ?nally provided With said doping by 
ion implantation. 
As shoWn in FIG. 3, an insulated island 6 is formed in the 

silicon layer. In this example, this is achieved by removing 
a part of the layer 17 from the insulating layer 3. In the 
silicon island 6, there is subsequently formed, in a custom 
ary manner, the bipolar transistor 7 having a base region 18 
With a doping of approximately 5.1017 boron atoms and an 
emitter region 19 With a doping of approximately 1020 
arsenic atoms. Subsequently, the silicon island 6 is provided 
With a layer of silicon oxide 20 in Which WindoWs 21 and 22 
are formed for contacting, respectively, the base region 18 
and the emitter region 19. 

After the formation of the transistor 7, the metaliZation 8 
With a pattern of conductor tracks 9 and contact electrodes 
10 is formed in a layer of aluminium deposited on the 
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substrate 3. For clarity, the semiconductor device is not 
draWn to scale in the Figures; in practice, for example, the 
conductor tracks 9 have a Width of approximately 1 pm, and 
the contact electrodes have a length and a Width of approxi 
mately 100 pm. 

Subsequently, the assembly is covered With an approxi 
mately 2 pm thick passivating layer of silicon nitride 23 and 
With an approximately 25 pm thick insulating layer 14 
having a dielectric constant 6, below 3. Next, the assembly 
is attached With the ?rst side 4 to the glass supporting body 
1 by means of the approximately 15 pm thick layer of 
adhesive 2. Said adhesive is, for example, an epoxy or 
acrylate adhesive. Subsequently, the slice of silicon 16 is 
removed doWn to the insulating layer 3. To this end, the 
second side 11 of the slice 16 is subjected to a chemico 
mechanical polishing treatment, Which is continued until the 
distance to the insulating layer 3 is only a feW tens of pm, 
Whereafter the layer 3 is exposed in an etch bath of KOH. 
This etching treatment stops automatically When the insu 
lating layer 3 of silicon oxide has been reached. 

Finally, the WindoWs 13 having a length and a Width of 
approximately 90 pm are provided in the substrate 3 in a 
customary manner using a contact mask and a 
HF-containing etch bath. From the second side 11, ?nally, 
the contact Wires 12 can be provided. 

In this example, the contact Wires are formed by a 
customary Wire-bonding technique. They may alternatively 
be formed from electrochemically groWn metal parts 
(bumps). 

FIG. 6 is a schematic, cross-sectional vieW of a second 
embodiment of the semiconductor device in accordance With 
the invention, in Which corresponding parts are denoted by 
the same reference numerals as in the example associated 
With FIG. 1. In this example, the insulating layer 14 having 
a dielectric constant 6, below 3 is also provided betWeen the 
conductor tracks 9 of the metaliZation 8. The passivating 
layer 23 shoWn in FIG. 1 is omitted. In the semiconductor 
device shoWn in FIG. 1, an approximately 2 pm thick 
passivating layer 23 of silicon nitride is provided betWeen 
the metaliZation and the layer of adhesive. Such a layer has 
a relatively large 6, of approximately 7.5. As a result, the 
parasitic capacitances betWeen the conductor tracks of the 
metaliZation are relatively large. By providing the insulating 
layer also betWeen the conductor tracks, it is achieved that 
also these parasitic capacitances are substantially reduced. 

Preferably, the insulating layer is a layer of parylene or 
benZocyclobutene. Such a dielectric has a dielectric constant 
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e, of approximately 2.5 . The insulating layer 14 of parylene 
or benZocyclobutene is provided in a thickness ranging from 
25 to 60 pm. As a result, the siZe of the parasitic capacitances 
betWeen the metaliZation of the semiconductor device and 
the metaliZation on the printed circuit board is reduced by 
more than 40%, While the above-mentioned thickness of 500 
pm is not exceeded. 

A semiconductor device Which can be readily manufac 
tured is characteriZed in that both the insulating layer 14 
having a dielectric constant er beloW 3 and the layer of an 
adhesive 24 are benZocyclobutene layers. This embodiment 
is shoWn in FIG. 7. Also in this case, corresponding parts are 
denoted by the same reference numerals as used in the 
embodiment associated With FIG. 1. This embodiment can 
be readily produced by providing the slice 15 With the 
insulating layer 14 and the supporting body With the adhe 
sive layer 22, and, subsequently, pressing both slices 
together. 
What is claimed is: 
1. A thin ?lm semiconductor device comprising: 

a glass supporting body having thereon an insulating 
substrate Which is attached thereto by a layer of adhe 
sive material; 

said substrate having, on a surface thereof facing the glass 
supporting body, a layer of semiconductor material 
Which includes a semiconductor element, said substrate 
surface further having thereon a metaliZation pattern of 
conductor tracks; and 

an insulating layer provided betWeen said metaliZation 
pattern and said layer of adhesive material, said insu 
lating layer having a dielectric constant y, beloW 3 and 
a thickness in the range of approximately 20 ,um to 60 
pm. 

2. A semiconductor device as claimed in claim 1, char 
acteriZed in that the insulating layer having a dielectric 
constant 6, below 3 is also provided betWeen the conductor 
tracks of the metaliZation. 

3. A semiconductor device as claimed in claim 1, char 
acteriZed in that the insulating layer having a dielectric 
constant 6, below 3 is a layer of parylene or benZocy 
clobutene. 

4. A semiconductor device as claimed in claim 3, char 
acteriZed in that both the insulating layer having a dielectric 
constant 6, below 3 and the layer of an adhesive are layers 
of benZocyclobutene. 


